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Summary The Lancet Regional
Background Assessing the burden of antimicrobial resistance is essential to determine the magnitude of this problem ?g;lst:l Ell:)rfzpzeo
and to set its priority. We aimed to estimate the burden of disease caused by multidrug-resistant microorganisms "

(MDRO) in hospitalised patients in Spain.

Published Online xxx
https://doi.org/10.

1016/j.lanepe.2025.
Methods Three prospective nationwide studies were conducted in 2018, 2019 and 2023. All patients with a new 1012;0 .

diagnosis of infection with any of 10 selected MDROs plus Clostridioides difficile during the study period (one week in
2018 and 2019 and two weeks in 2023) were included. Patient demographic, and clinical outcomes were analysed,
including incidence, crude all-cause 30-day mortality and years of life lost (YLL). These results were used to calculate
weighted and seasonally adjusted annual estimates for the whole country.

Findings In total, 82, 133 and 130 centres participated in the study in 2018, 2019 and 2023, respectively, recording a
total of 907, 1392 and 2351 MDRO infections, representing a weighted incidence density of 3.54 (95% CI 2.92-4.17),
5.01 (3.95-6.07), and 4.41 (3.55-5.27) cases/1000 stays, respectively. A total of 161, 198 and 352 patients died with an
MDRO infection, representing a weighted incidence density of 0.46 (0.16-0.76), 0.43 (0.17-0.69), and 0.62 (0.52—-0.72)
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deaths/1000 stays, respectively. Based on these data, a nationwide occurrence of 155,294 MDRO infections (95% CI
127,928-182,569) with 20,065 deaths (6938-32,958) was estimated for 2018, 210,451 MDRO infections
(165,963-254,975) with 17,982 deaths (7071-28,700) for 2019, and 173,653 MDRO infections (139,814-207258) with

24,582 deaths (20,461-28,796) for 2023.

Interpretation The burden of disease caused by MDRO infections among hospitalised patients in Spain is very high
and remains stable over the study period. National actions to combat bacterial resistance need to be intensified.

Funding The management costs of this study were funded by the Spanish Society of Infectious Diseases and Clinical
Microbiology (SEIMC). Researchers have participated voluntarily and none of the investigators received funding for

conducting the study.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

Multidrug-resistant microorganism (MDRO) infections cause a
high burden of disease and are one of the greatest threats to
global public health, but the magnitude of their impact is not
easy to measure because these infections are so frequent and
diverse. Different studies at local, national and international
levels have been carried out to try to measure the health
burden they represent. We searched PubMed for those articles
published before May 20, 2024, using the search terms
“burden” and “antimicrobial resistance” or “antibiotic
resistance”, in addition to the terms “prospective” or “cohort”
and “national” or “country”, with no date or language
restrictions. Most of them make estimates based on
retrospective studies from different databases, usuvally from
MDRO isolates through the microbiology laboratory, and the
cases identified lack clinical follow-up, so the type of infection
and the actual outcome is not known with certainty. The
results obtained in the different studies are very disparate and
their quality is generally limited. A more precise
understanding of the health problem of MDRO infections at a
nationwide scope is needed.

Added value of this study

To our knowledge, this study provides the most
comprehensive analysis of the annual burden of AMR in Spain
to date and contains methodological advances over previous
related work. The main added value of this study is that the
health burden caused by MDRO infections in this country is
much higher than previously described. This study adds a new
and efficient approach to measure the health burden of

Introduction

Infections caused by multidrug-resistant microorgan-
isms (MDRO) are one of the most important threats to
public health worldwide.' The outcomes of patients with
MDRO infections are worse than those of the same
infections when caused by susceptible bacteria,

MDRO infections in a country, through an incidence study on
a highly representative number of hospitals over a limited
period, with prospective follow-up of all patients with a new
MDRO infection, conducted jointly by microbiologists and
clinicians. These observed data have been used to make
weighted and seasonally adjusted annual countrywide
estimations. The estimates obtained in this way are
consistent because the study has been repeated with the
same method three times with comparable results. This
shows that it is a feasible and consistent study. Moreover, the
methodology of our study can be used in other countries for
comparative purposes.

Implications of all the available evidence

Our estimates indicate that AMR in hospitalised patients is a
serious health problem in Spain, greater than previously
estimated, which remains stable despite the interventions
that have been carried out and therefore are not sufficient.
These data can be useful to raise awareness of this problem
among health professionals, the media, citizens and health
authorities. It can also help health authorities to prioritise
resources according to the magnitude of the AMR problem.
And for healthcare professionals, to better understand the
main epidemiological, microbiological and clinical
characteristics of MDROs in hospitalised patients and thus
design the best interventions to improve outcomes. Finally,
the time-efficient methodology of this study could be useful
to measure the health burden of MDROs in other European
countries and to compare results.

including increased mortality, hospital stay, and
healthcare costs.” Previous estimations suggested that, if
no action is taken, they will be the leading cause of death
in the world by 2050.’

Determining the current and projected impact of
antimicrobial resistance (AMR) is critical to help
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policymakers allocate resources and inform action plans
against AMR.* The disease burden of these infections is
difficult to assess, and significant variations have been
observed between studies conducted by different in-
stitutions and countries. A study by the European
Centre for Disease Prevention and Control (ECDC)
estimated that, in 2015, there were 671,689 infections
caused by MDRO in the European Union and European
Economic Area, accounting for 33,110 attributable
deaths.” Other two recent studies estimated the attrib-
utable deaths to MDRO in 2019: one estimated 73,700
in central Europe, eastern Europe and central Asia® and
the other, 133,000 in the WHO European region.” In
France, annual estimated deaths reached 12,500° and, in
Spain, different studies performed between 2015 and
2019 estimated from 1900 to 6220 yearly deaths.*”'"° The
consequences of AMR in Europe, specifically those
caused by bloodstream infections (BSIs) due to six
selected pathogens, have been assessed by a systematic
review, concluding that multidrug-resistant BSIs are
associated with increased mortality." Information from
low and middle-income countries is very limited.'"

Although those retrospective studies analysed the
mortality of patients with MDRO infections, none of
them performed an individualized clinical follow-up for
a period of time.”® The heterogeneity of data sources
and methodological approaches used in these studies
may elucidate the observed discrepancies.”** Thus, in
the study for the WHO European region, data were
retrieved from a wide range of international stake-
holders, including research hospitals, surveillance net-
works, and infection databases maintained by private
laboratories and medical technology companies.” A
more precise understanding of the magnitude of the
health challenge posed by MDRO infections and the
development of new methods to measure it are needed.

To address this goal, the Spanish Society of Clinical
Microbiology and Infectious Diseases (SEIMC), in
collaboration with two of its study groups, GEMARA
(Antimicrobial Resistance and Mechanisms of Action
Study Group) and GEIRAS (Healthcare Associated In-
fections Study Group), designed and conducted a
nationwide prospective multicentre incidence study
with the aim of quantifying and defining the annual
burden of disease caused by MDRO.

Methods

Study design and setting

We designed a prospective multicentre study in Spanish
hospitals, during three consecutive years: 2018, 2019
and 2020. The latter, which could not be carried out due
to the SARS-CoV-2 pandemic, was finally conducted in
2023. An invitation to participate in the study was
emailed to all over 3500 SEIMC members. Hospitals
were eligible if at least one microbiologist and one in-
fectious disease physician accepted to participate as local
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research team to be responsible for the collection of
microbiological and clinical data through digital medical
records and, when necessary, face-to-face with the
physician responsible for the patient. Patients were
recruited during a 2-week period in 2023 (8-21 May),
and a 1-week period in 2018 (12-18 March) and 2019
(4-10 March). The study protocol was disseminated to
all investigators in all three study editions (see
Appendix), and was explained to them via a general
teleconference and then questions were answered via
email or telephone by three of the authors: GP, JRP-P,
and JMC. Data collection was carried out in an elec-
tronic case report form by two researchers from each
centre as mentioned above. Data validation was per-
formed centrally by GP and JMC, by reviewing the data
collected in each hospital. GP and JMC issued queries
and requests for missing data until the database was
closed.

Subjects

In each hospital, MDRO sampling was performed on all
clinical specimens submitted for diagnosis of infection
from patients admitted to any of the inpatient units of
the hospital during the study period.

Only patients with MDRO infections were included
in this study. In patients who had more than one
episode of MDRO infection, it was recorded only when
it was caused by a different MDRO than the one causing
the previous episode. Patients with MDRO infection
were followed until 30 days from the day of diagnostic
sampling. MDRO isolated from surveillance screening
samples or from clinical samples that were considered
contamination or colonisation by the physician in
charge of the patient, and those registered for a previous
infection with the same MDRO during the study period
were excluded. The cases of MDRO infection collected
in this study only included those with a confirmed
microbiological diagnosis. Potential cases of MDRO
infection that were not sampled or were negative were
not included.

Variables and definitions

Ten MDRO were considered: methicillin-resistant
Staphylococcus  aureus (MRSA); ampicillin-resistant
Enterococcus spp, (ARE); vancomycin-resistant Entero-
coccus spp. (VRE); extended-spectrum beta-lactamase-
producing Escherichia coli (ESBL-EC); ESBL-producing
Klebsiella  pneumoniae  (ESBL-KP); other ESBL-
producing Enterobacterales (ESBL-Other); carbapenem-
resistant or carbapenemase-producing K. prneumoniae
(CR-KP); other carbapenem-resistant or carbapenemase-
producing Enterobacterales (CPE-Other); Pseudomonas
aeruginosa (MDR-PA) and Acinetobacter baumannii
(MDR-AB) resistant to >3 classes of antipseudomonal
antibiotics or to carbapenem. In addition, we also
included Clostridioides difficile because of its close asso-
ciation with previous antimicrobial use.
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An infection was defined to be caused by multiple
MDRO when >1 MDRO was identified in the same
clinical specimen. The location/type of infection was
defined according to standard clinical criteria together
with the sample from which MDRO was isolated as:
urinary tract infection; pneumonia; other respiratory in-
fections; intra-abdominal infection; diarrhoea/gastroen-
teritis; skin and soft tissue infection; surgical site
infection; osteoarticular infection; CNS infection; primary
bacteraemia or unknown focus; catheter-related bacter-
aemia; other types of infection. Multifocal or dissemi-
nated infections by the same MDRO were recorded as a
single case. Nosocomial infection was defined as an
infection that occurs 48 h or more after hospital admis-
sion and was not present or incubating at the time of
admission. Identification and susceptibility testing of
MDRO isolates was performed by local laboratories.
Breakpoints points used for the definition of resistance
were those established by EUCAST.

Demographic/epidemiological (gender, age, type of
hospital ward, and nosocomial acquisition), clinical
(sample type, site of infection, and mortality), and
microbiological ~variables (MDRO species) were
assessed. The number of hospital beds was retrieved
from the official registry of the Spanish Ministry of
Health. Participating hospitals were classified into four
categories: Type I: <200 beds; Type II: 200-499 beds;
Type III: 500-999 beds; Type IV >1000 beds. The
number of hospitals stays (occupied bed days) during
the study period was provided by each hospital’s
administration. Study data were collected and managed
in an electronic case report form using REDCap elec-
tronic data capture tools hosted at SEIMC.'*"”

The incidence density of MDRO infections was
calculated as the number of new cases of infection
occurred during the study period per 1000 hospital stays
(occupied bed days) in the same period:

Number of MDRO infections x 1000/total hospital
stays.

Mortality was assessed as incidence density calcu-
lated as the number of patients diagnosed with an
MDRO infection during the study period who died <30
days after diagnosis, per 1000 hospital stays (occupied
bed days) in the same period, as all-cause 30-day crude
mortality:

Number of <30-day deaths of patients with MDRO in-
fections x 1000/total hospital stays.

Years of life lost (YLL) were calculated using
individual-level data of each patient who died <30 days
after the MDRO infection diagnosis, by subtracting the
patient’s age at death from the reference age corre-
sponding to the life expectancy in Spain in 2021 (85.8
years for women and 80.3 for men),"* and summing the
individual YLLs. Only those who died before the refer-
ence age are included in the calculation:

> (age at death in years of each patient died <30 days after
MDRO infection diagnosis—reference age adjusted per sex)

Statistical analysis and projections

Descriptive statistics were performed to calculate the
pooled incidence and mortality rates of MDRO in-
fections. Annual weighted and seasonally adjusted
incidence of MDRO infections and number of deaths
at all-cause 30-day mortality were estimated. Cate-
gorical variables were compared using the Chi-
squared statistic with MedCalc v. 22.017. Confi-
dence intervals (95% CI) of the incidence and mor-
tality of MDRO infections were calculated for each
hospital category using the Wilson score method and
calculated for nationwide projections based on the
estimated overall incidence and its standard devia-
tion, with OpenEpi v.3.01. Statistical significance was
set at p < 0.05.

For countrywide projections, the estimated total
number of hospital stays in Spain was calculated
considering the total number of hospital beds in the
country as per the 2018, 2019 and 2023 data informed
by the National Hospital Registries from the Spanish
Ministry of Health,”” and projected in each study repli-
cate as the number of hospital beds in Spain x per-
centage of daily occupancy recorded in the study
period x 365 days.

To control the influence of a seasonal bias in the
incidence estimates we performed a previous analysis of
the incidence of bacteraemia over five years, 2018-2022,
in two of the participating centres, the University Hos-
pital Virgen del Rocio and the University Clinical Hos-
pital of Zaragoza, to calculate the monthly seasonal
correction factors (SCF) using SPSS v.29.0.1.0.

To control the representativeness bias per hospital
type, we first calculated weights for the four hospital
types, dividing the proportion of hospital beds of a
hospital type in the sample by the proportion of hospital
beds in Spain of the same hospital type. Then we
calculated the

Weighted incidence rate as follows:

>, ((Incidence of MDRO infections per hospital type in the
study sample/SCF of the month in which the study was
carried out) x hospital type weight))/>, (weights)

The estimate of number of MDRO infections
nationwide for each year was calculated as follows:

Estimated total number of hospital stays in Spain x
Weighted incidence rate of MDRO infections/1000

Mortality nationwide was estimated as:

Estimated total number of hospital stays in Spain x
Weighted incidence rate of 30-day deaths/1000

Estimated YLL was calculated as:

www.thelancet.com Vol 51 April, 2025


http://www.thelancet.com

Articles

Estimated mortality nationwide x (Number of YLL/
number of 30-day deaths in the study sample)

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Observed results

A total of 82, 133, and 130 hospitals participated in the
2018, 2019, and 2023 studies respectively, with 42,438,
63,900, and 63,001 beds (Table 1), representing 27%,
40%, and 40% of all the hospital beds in Spain
(Tables S1 and S2). During the study period the number
of overall hospital stays was 237,253, 330,126 and
596,451 respectively (Table 1) and the number of hos-
pitalised patients was 39,541, 55,021 y 99,408. Hospital
types III and IV, which are the largest and most complex
centres, had the highest representation, 74% and 91%
respectively in 2023 (Table S2). All regions (Autono-
mous Communities) of the country were involved
(Tables S3, S4 and Fig. S1).

During the 2018, 2019, and 2023 studies, a total of
907, 1392, and 2351 episodes of MDRO infection were
diagnosed in 852, 1333 and 2307 patients respectively,
representing a weighted incidence density of 3.54 (95%
CI 2.92-4.17), 5.01 (95% CI 3.95-6.07), 4.41 (95% CI
3.55-5.27) MDRO infections/1000 hospital stays,
respectively (Table 2).

In 2023, the median age of patients with MDRO
infection was 75 years (interquartile range 62-85; range

0-105), and 54.7% were males (Table S5). The differ-
ence in median patient age was 10 years between type I
hospitals (80 years; IQR 68-88) and type IV hospitals (70
years; IQR 57-81). Overall, 105 infections with multiple
MDRO (4.5%) were detected (Table S6). Up to 44 pa-
tients (1.9%) presented >1 episodes of MDRO infection.
A total of 1071 episodes were nosocomial (45.6%),
which showed a significant reduction compared to pre-
vious years (p = 0.013) (Table S7). Most patients were
admitted in medical services (67%; 1542/2307)
(Table S8). The urinary tract was the most common site
of infection (42.7%; 1003/2351) (Table 3). A total of 325
patients (14.1%) had bacteraemia, being the urinary
tract the most common source of bacteremic infections
(39.1%; 127/325) (Table S9).

In the 2023 study, MDROs were identified in 2487
clinical samples. The most frequent type of sample in
which an MDRO was detected was urine (38.4%, 956/
2487) (Table S10). In total, 2461 MDRO strains were
identified, being ESBL-producing E. coli the most com-
mon MDRO (25.8%; 636/2461) (Table 4, Table S11).
The incidence of ESBL-E. coli infections was higher in
females (32.1%), whereas the highest incidence in
males corresponded to MDR-PA (10.4%) (Table S12).
Significant changes in the proportion of the aetiology of
MDRO infections in 2023 compared with previous years
were observed: MRSA, -2.2% (p = 0.014); MDR-
PA, -24%; (p = 0011); and MDR-AB, -1.4%
(p < 0.0001); C. difficile, +5.2% (p < 0.0001); the others
remained stable (Table 4).

Overall, 161 (18.9%), 198 (14.9%) and 352 (15.3%)
patients died within 30 days of the onset of infection in

Hospital type Hospitals Hospital beds Hospital stays® Median Range
n % n % n %

2018 study
Total hospitals 82 42,438 100% 237,253 2569 379-8052
H. Type | (<200 beds) 11 13% 1834 4% 7962 3% 586 379-1409
H. Type Il (200-499 beds) 30 37% 9897 23% 55,154 23% 1851 825-2976
H. Type Ill (500-999 beds) 33 40% 19,048 45% 128,234 54% 3912 1525-5386
H. Type IV (>1000 beds) 8 10% 11,659 27% 45,903 19% 6091 1228-8052

2019 study
Total hospitals 133 63,900 100% 330,126 2021 25-1395
H. Type | (<200 beds) 29 22% 3756 6% 17,677 5% 610 25-187
H. Type Il (200-499 beds) 51 38% 16,927 26% 87,322 26% 1757 200-495
H. Type Ill (500-999 beds) 40 30% 27,841 44% 148,833 45% 3760 500-964
H. Type IV (>1000 beds) 13 10% 15,376 24% 76,294 23% 5875 1000-1395

2023 study
Total hospitals 130 63,001 100% 596,451 3833 75-14,614
H. Type | (<200 beds) 33 25% 4369 7% 34,337 6% 967 75-2214
H. Type Il (200-499 beds) 43 33% 14,523 23% 149,221 25% 3669 559-7183
H. Type Ill (500-999 beds) 44 34% 31,520 50% 305,063 51% 7460 290-11,752
H. Type IV (>1000 beds) 10 8% 12,589 20% 107,830 18% 11,031 1607-14,614

#2019 and 2018 study periods spanned one week. 2023 study period spanned two weeks.

Table 1: Distribution of hospitals and hospital stays during the three study periods grouped by hospital size.

www.thelancet.com Vol 51 April, 2025


http://www.thelancet.com

Articles

Hospital type MDRO MDRO incidence 30 d-deaths 30 d-death incidence
infections density density
(n) (cases per 1000 (n) (cases per 1000
stays; 95% Cl) stays; 95% Cl)
2018 study
Total hospitals 907 3.54 (2.92-4.17) 161 0.46 (0.16-0.76)
H. Type | (<200 27 3.39 (2.33-4.93) 3 0.38 (0.13-1.11)
beds)
H. Type Il (200-499 244 4.42 (3.90-5.01) 46 0.83 (0.62-1.11)
beds)
H. Type Il 475 3.70 (3.39-4.05) 91 0.71 (0.58-0.87)
(500-999 beds)
H. Type IV (1000 161 3.51 (3.01-4.09) 21 0.46 (0.30-0.70)
beds)
2019 study
Total hospitals 1392 5.01 (3.95-6.07) 198 0.43 (0.17-0.69)
H. Type | (<200 95 5.37 (4.40-6.57) 6 0.34 (0.16-0.74)
beds)
H. Type Il (200-499 358 4.10 (3.70-4.55) 60 0.69 (0.53-0.88)
beds)
H. Type III 636 4.27 (3.95-4.62) 81 0.54 (0.43-0.68)
(500-999 beds)
H. Type IV (1000 303 3.97 (3.55-4.44) 51 0.67 (0.51-0.88)
beds)
2023 study
Total hospitals 2351 4.41 355-527) 352 0.62 (0.52-0.72)
H. Type | (<200 159 4.63 (3.97-5.41) 2 0.64 (0.42-0.97)
beds)
H. Type Il (200-499 629 4.22 (3.90-4.56) 94 0.63 (0.51-0.77)
beds)
H. Type Il 1271 417 (3.94-4.40) 193 0.63 (0.55-0.73)
(500-999 beds)
H. Type IV (1000 292 271 (2.42-3.04) 43 0.40 (0.29-0.54)

beds)

MDRO, multidrug resistant microorganism. 30 d-deaths: deaths at day 30 after diagnosis of MDRO infection.
2019 and 2018 study periods spanned one week. 2023 study period spanned two weeks.

Table 2: Incidence density of MDRO infections and mortality in the three study periods grouped

by hospital size.

the 2018, 2019 and 2023 study periods, respectively
(Table S13), representing an incidence of 0.46 (95% CI
0.16-0.76), 0.43 (95% CI 0.17-0.69), 0.62 (95% CI
0.52-0.72) deaths per 1000 stays (Table 2). In the 2023
study, pneumonia was the infection with the highest
mortality rate (31.3%; 40/128), followed by primary
bacteraemia (31.6%; 24/76) (Table 3). The highest
mortality rate occurred in patients admitted in ICU
wards (27.8%; 58/209) (Table S8). MDR-AB (35.7%),
CPE-Other (23.9%), ESBL-Other (19.7%), and CR-KP
(18.6%), were the microorganisms associated with
higher mortality rates (Table S14).

Annval nationwide estimations

Projected annual nationwide MDRO infections based on
the observed data, weighted by hospital type representa-
tiveness and accounting for the seasonal factor corre-
spondent to the month where each study replicate was
carried out, were 155,294 (95% CI 127,928-182,569),

Type of Mortality
infection rate
% (n) % (n)
Urinary tract infection 42.7 (1003)  14.2 (142)
Colitis/diarrhoea 15.8 (372) 12.4 (46)
Skin and soft tissue infection 10.2 (240) 133 (32)
Intrabdominal infection 8.7 (205) 16.6 (34)
Surgical site infection 5.7 (134) 52 (7)
Pneumonia 5.4 (128) 31.3 (40)
Other respiratory tract infections 3.9 (91) 17.6 (16)
Primary or unknown focus bacteraemia 3.2 (76) 31.6 (24)
Catheter-associated bacteraemia 13 (31) 19.4 (6)
Osteoarticular infection 13 (31) 6.5 (2)
Endocarditis 0.2 (5) 20.0 (1)
CNS infection 0.1 (3) 0.0 (0)
Other 1.4 (32) 9.4 (3)
Total 100 (2351) 15.0 (352)
Data from the 2023 study.
Table 3: Type of MDRO infection and associated 30-day mortality.

210,451 (95% CI 165,963-254,975), and 173,653 (95% CI
139,814-207,258) in 2018, 2019 and 2023, respectively
(Fig. S2). Estimated deaths among patients with MDRO
infections were 20,065 (95% CI 6938-32,958) in 2018,
17,982 (95% CI 7071-28,700) in 2019, and 24,582 (95%
CI 20,461-28,796) in 2023 (Fig. S3). Estimated YLL in
patients with MDRO infections were 235,690 (95% CI
81,500-387,125), 198,104 (95% CI 77,901-316,185), and
199,962 (95% CI 166,434-234,241) in 2018, 2019 and
2023, respectively.

Discussion

The cumulative burden of AMR in Spain, as estimated
in this study, is very high. According to these pro-
jections, in 2023 around 170,000 people would have
been diagnosed with MDRO infections, of whom 24,000
would have died within 30 days of diagnosis of infec-
tion, causing nearly 200,000 YLL.

These figures are significantly higher than those
estimated for 2015 by the Spanish Ministry of Health
(3058 deaths) and by the ECDC (41,345 cases and 1899
deaths),” as well as by the WHO European Region
study (6220 deaths for 2019).” There are several factors
that could explain the higher incidence of MDRO in-
fections in our study.

With regard to the incidence of MDROs, the selec-
tion of MDROs was different, and more importantly,
our approach to identifying MDRO infections differs
from methodologies employed in previous studies.”””
In the study by Cassini et al.,’ the most similar to
ours, 8 MDRO isolated from blood cultures from hos-
pitalised patients are included, without differentiating
whether they are hospital-acquired or not, and they as-
sume that they are all pathogens. For the remaining
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samples and types of infection, the authors make esti-

mates using coefficients obtained from the literature. MPRo 2018 209 20 ;gig = ig;g = ;g;g =
The European Antimicrobial Resistance Collaborators " " " -l ol vl
study includes 23 pathogens acquired anywhere, * ) i -0 P PeR PR
without differentiating between community, healthcare ESBLEC 255\(230)1 1 257.385) 258 (36)/ 088 085 094
or hospital settings.” The observed data come from ARE 172(156) 152 (228) 160393 020 043 _
multiple data sources: research hospitals, surveillance E'SSLHI‘(P lg'i g:; 122 8;2; 1125; gi;; 2?;2 82227 ;(;2001
networks, and infection databases maintained by private MRSA 14'3 @6 15‘0 224) 12'2 301) 0167 0‘13 0'01 4
laboratories and medical technology companies. With MDRPA 11: 4 (103) 10:0 (149) 7:6 (188) 0:28 01001 0:011
these' data they rr_lake annual projections. In our pro- TE 39 (35) 37 (56) 46(113) 089 037 020
spective study we included 11 MDRO. We expanded the ESBL-Other 21 (19) 27 (41) 25 (61) 033 053 0.61
definition proposed by Magiorakos et al. to include TEGha 22 (20) 15 (22) 19 (46) 018 0.54 035
relevant microorganisms that would need second-line VRE 10 (9) 1.0 (14) 0.8 (20) 0.89 061 0.68
antimicrobial agents, in the same way as MDROs do.” MDR-AB 3.0 (27) 2.0 (30) 0.6 (14) 013 <0.0001  <0.0001
Hence, we included ampicillin-resistant Enterococcus Total 100 (907) 100 (1496) 100 (2461) - - _

spp. as these patients cannot be treated with beta-
lactams, with vancomycin or linezolid being the drugs
of choice, as with MRSA. We also included C. difficile as
this pathogen, like MDROs, is directly related to previ-
ous antimicrobial use. All isolates were collected from
any clinical samples from patients hospitalised during

MDRO, multidrug resistant microorganism; ESBL-EC, Extended spectrum beta-lactamase-producing Escherichia
coli; ARE, Ampicillin-resistant Enterococcus spp.; C. diff., Clostridioides difficile; ESBL-KP, ESBL-producing Klebsiella
pneumoniae; MRSA, Methicillin-resistant Staphylococcus aureus; MDR-PA, Pseudomonas aeruginosa resistant to at
least three antibiotic classes or to carbapenems; CR-KP, Carbapenem-resistant or carbapenemase-producing

K. pneumoniae; ESBL-Other, Other ESBL-producing Enterobacterales; CPE-Other, Other carbapenem-resistant or
carbapenemase-producing Enterobacterales; VRE, Vancomycin-resistant Enterococcus spp.; MDR-AB,
Acinetobacter baumannii resistant to at least three antibiotic classes or to carbapenem. The breakpoints used for
the definition of the resistance phenotypes were those established by EUCAST. 2019 and 2018 study periods

sampling, and all isolates underwent individualised
microbiological and clinical assessment by the study
investigators, establishing in each case whether or not
they were true pathogens or contaminants/colonisers,
whether or not the infection was hospital-acquired, the
type of infection, the site of infection, and the outcome
30 days after diagnosis.

Several factors contribute to the higher MDRO
mortality estimated for Spain in our study in 2018, 2019
and 2023 (20,065, 17,982, and 24,582 deaths respec-
tively), compared to that estimated by the two other large
population-based studies on the burden of MDRO in-
fections with 1899 attributable deaths in 2015,° and 6220
attributable deaths in 2019,” neither of which gives 95%
CI. Firstly, the higher incidence of MDRO infections in
our study, because of the methodological disparities
explained above, plays a significant role. Secondly, and
notably, the discrepancy in mortality definitions. Both
studies used attributable mortality, and we utilized
crude mortality, encompassing deaths from any cause
within 30 days of infection diagnosis. Measuring
attributable mortality requires the collection of all vari-
ables representing the main prognostic factors, to
perform a multivariate analysis and then, the analysis of
attributable mortality as described by the Driving re-
investment in research and development and respon-
sible antibiotic use (DRIVE-AB) Consortium." Using
this complex, time-consuming, and resource-intensive
methodology to determine the attributable mortality of
an infection is feasible in clinical studies with 1276 or
1175 patients,*"** but hardly feasible in population-based
studies such as ours with 39,541, 55,021, and 99,408
patients respectively. In fact, in the population-based
studies on AMR in which attributable mortality has
been measured, this is not done following the method
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spanned one week. 2023 study period spanned two weeks.

Table 4: Breakdown of MDRO infective isolates in the three studies.

described above,'* not even on the observed data, but is
calculated using coefficients obtained from the literature
search.”” Because of these differences in mortality
definition and design, the estimated annual results are
very different. It is worth noting that in the 2019
population-based study,” they also estimate mortality
associated with MDRO infections, and it was 27,300
deaths, higher than the 17,982 deaths (95% CI
7071-28,700) estimated in our study for the same year.
In 2015, the Ministry of Health estimated that 3058
deaths in Spain were linked to MDRO infections in a
study using hospital discharge reports from 300 hospi-
tals.” However, those reports rely on ICD9M coding,***
which categorizes only MRSA, VRE, and C. difficile as
MDRO, significantly impairing the sensitivity of this
MDRO infection registry.

Thanks to the microbiological diagnosis and clinical
follow-up of each patient, our study yields the following
clinical information of interest on MDRO infections. It
shows that urinary tract infection is the most common
(42.7%), and that ESBL-producing E. coli is the most
frequent MDRO (25.8%) in hospitalised patient in-
fections in Spain. The incidence of ESBL-E. coli in-
fections was higher in females (32.1%), whereas the
highest incidence in males corresponded to MDR-PA
(10.4%). This distribution is in line with that
described in a European prevalence study on bacter-
aemia.”” During the study period, the incidence of most
MDRO remained stable, except for C. difficile which
increased (+5.2%), and MRSA (-2.2%), MDR-PA
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(—2.4%) and MDR-AB (-1.4%) which decreased signifi-
cantly (Table 4). Understanding the factors that might
have influenced these variations requires a different
study design than that of the present study. But the
downward trend observed in recent years in the number
of infections caused by MRSA, MDR-PA, and MDR-
AB,** and the increase in CD infections after the
COVID-19 pandemic have been previously described.**

Our findings for 2023 show that less than 50%
MDRO infections (45.6%), are hospital-acquired, and
how this trend is decreasing throughout the study, thus
underlining the importance of MDRO in healthcare-
associated and community-acquired infections. This
change could be explained by the reduction in nosoco-
mial infections in recent years, attributed to improve-
ments in infection prevention and control strategies.”'
Moreover, because the 2023 study was conducted in
May, when the flu epidemic, which is associated with a
higher frequency of nosocomial infections, had already
ended.”

Finally, the overall all-cause mortality 30 days after
diagnosis of a MDRO infection was high (14.9-18.9%).
Mortality was highest in patients with pneumonia
(31.3%) and in infections caused by MDR-AB (35.7%),
CPE-Other (23.9%), ESBL-Other (19.7%), and CR-KP
(18.6%). It is not possible to compare these clinical
data with other studies because the afore mentioned
studies related to the burden of MDRO infections lack
this information.

Our study has several limitations, with the most
significant being that the annual incidence and mortal-
ity data for MDRO infections in Spain are extrapolations
derived from real data collected over two weeks in 2023,
representing 3.8% of the year, and from 130 hospitals,
constituting 40% of the hospital beds in the country,
with the consequent bias due to the risk of under-
representation and seasonal influence. The length of
the sampling period of one or two weeks was an
empirical decision because we found no studies with a
design like ours to take as a reference. The sampling
duration of the study by Cassini et al.,” the most similar
to ours, is much longer: one year vs. one or two weeks in
ours. In contrast, in our study, the representativeness of
the participating hospitals is higher, 82, 133 and 130
respectively vs. 44 Spanish centres for which the num-
ber of beds and regional distribution is unknown.® It
should be noted that ECDC ranks the 44 Spanish hos-
pitals participating in the EARS-Net database, which
feeds that study,” as a high hospital representativeness
for Spain.”* The same institution, ECDC, in the study
‘Point Prevalence Survey of Healthcare-Associated In-
fections and antimicrobial use in European acute care
hospitals 2022-2023’,** recommends a sample size be-
tween 10,000 and 23,000 patients from a sample of
25-60 hospitals, depending on the average size of hos-
pitals in the country. These figures are exceeded in our
study, both in the number of patients analysed during

sampling, which was 39,541, 55,021, and 99,408, and in
the number of centres, which was 82, 133 and 130
respectively. The voluntary participation in the study
explains that not 100% of the hospitals in the country
were included, but only those that accepted the invita-
tion to participate as stated in Methods. However, this
limitation is at the same time a strength because, thanks
to the commitment of the researchers in each centre, it
has been possible to carry out this academic study.

The seasonal influence bias is real. Different studies
confirm the seasonal influence on hospital-acquired and
MDRO infections although with contradictory results,
probably because the factors determining it are
numerous, dynamic, and therefore difficult to measure.
In a study carried out in hospitalized patients in the
United States 2013-2017, the authors found that MDR
Enterobacteriaceae and MDR Acinetobacter spp. were
more common in winter.” In contrast, in another na-
tional study in Belgium, the peak incidence of gram-
negative bacterial infections in hospitalised patients,
including MDROs, was reported to be in summer.** To
control for seasonality bias in our study, we conducted a
five-year retrospective study in two geographically
distant participating hospitals (one Type III in the North
and one Type IV in the South of Spain) to determine the
influence of seasonality on the annual distribution of
MDRO bacteraemia, confirming that the incidence
varies depending on the season, and thus calculating the
monthly seasonal factor to apply to the calculation of
annual estimates for the three study replicates.

Another limitation of the study is the utilization of
crude mortality as a metric to define the outcome
of MDRO infections, as it precludes the determination
of mortality specifically attributable to these infections.
We chose crude mortality as an indicator to measure
outcome after MDRO infection for pragmatic reasons.
We have mentioned above the difficulty of measuring
attributable mortality as described by the DRIVE-AB
Consortium' in large population-based studies, to
which must be added the limitations of doing so with
estimated projections from studies using big data from
multiple sources and very little directly observed data.’”
The crude mortality indicator has the advantage that its
measurement is unbiased. This objectiveness in the
assessment is important because of the actual difficulty
in deciding whether the death of a patient with MDRO
is due to the infection or not. The consistency of the
crude mortality data is reflected in the fact that the
estimated results for the three years of the study have
been comparable.

The non-inclusion of infections caused by
antimicrobial-susceptible bacteria precludes knowing the
magnitude of the health consequences of these infections
and calculating attributable mortality as discussed above.
These infections were not included in the study design
because they are not the aim of the study, which has
focused exclusively on infections caused by MDRO.
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Another limitation of this study is that antimicrobial
consumption and prescription profile, both of which are
related to the incidence and outcome of MDRO in-
fections, have not been analysed.

Finally, the results of this study are focused on
MDRO infections in hospitalised patients and are
therefore not valid for MDRO infections in out-
patients, nor in nursing homes and other non-hospital
settings, which are of great importance in Spain, tak-
ing into account that the prevalence of MDROs in
residents in these facilities is high®’ and that the
number of beds in these facilities, 393,581, far exceeds
the number of hospital beds.** Future research could
aim to expand the scope to include non-hospitalised
populations.

This study has several methodological strengths that
enhance the validity and reliability of its conclusions.
The identification of patients with MDRO infection was
performed prospectively based on the routine microbi-
ological diagnosis in clinical samples established in the
microbiology laboratory of each centre. Importantly,
MDRO sampling was performed on all samples sub-
mitted for microbiological diagnosis of infection in pa-
tients admitted to any of the hospital wards; and each of
these patients with MDRO isolates was evaluated by a
clinical investigator to rule out colonisation and followed
up for 30 days, increasing the sensitivity and specificity
of the results with both interventions. Neither of the two
large population-based studies cited above measured
this variable.>”

The national representativeness of the study is high
as commented previously.>**** It should be noted that
the representativeness in terms of hospital beds in the
country rises to 74% and 91% in Type III and IV hos-
pitals respectively, the largest and most complex centres,
and also that all of the 17 autonomous communities of
the country are represented, which is of interest because
they have their own healthcare systems.

Finally, the study has been replicated on the three
foreseen occasions and the results have been compara-
ble, reflecting its feasibility and consistency.

We hope that these results will help to reinforce
awareness that AMR is a major threat to global public
health, which requires commitment at local, national,
and international levels to identify priorities, formulate
targeted and well-funded policies, and drive research for
the optimisation of antimicrobial use.” The time-
efficient methodology of this study could be useful to
measure the health burden of MDRO infections in other
European countries and to compare results.

Conclusion

According to the results of this study, the disease
burden of MDRO infections in Spain is significantly
higher than expected. Nationwide actions need to be
intensified to combat AMR. These results can help raise
awareness among health professionals, the media,
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citizens, and health authorities, on the fact that AMR is
a real threat. The time-efficient methodology of this
study could be useful to measure the health burden of
MDROs in other European countries and to compare
outcomes.
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Brito, Hospital Principe de Asturias: Pefia Gémez-Herras, José Sanz-
Moreno.

Hospital Punta de Europa: César del Prado, Ylenia Avellaneda.

Hospital Quir6n Salud A Coruha: Silvia Paulos, Héctor Meijide.

Hospital Recoletas Campo Grande de Valladolid: Teresa Fuertes.

Hospital Recoletas Salud Zamora: Juan José Fernindez, Juan
Ignacio Garcia.

Hospital Regional Universitario de Malaga: Francisco Javier Cha-
mizo, Antonio Plata.

Hospital Royo Villanova: Marfa Luisa Monforte, Gabriel Tirado,
Carmen Aspiroz-Sancho.

Hospital San Juan de Dios de Zaragoza: Luis Antonio Moreno-
Borraz, Borja Pey, Angel Luis Garcia-Forcada.

Hospital San Pedro de la Rioja: Luis Miguel Soria, Concepcidén
Garcia-Garcia.

Hospital San Pedro de Alcantara: Purificacién Hernindez, Juan
Luengo-Alvarez.

Hospital Sant Camil: Eulalia Jou-Ferré, Antonella F. Simonetti.

Hospital Sant Jaume de Calella: Carmen Gallés, Oscar del Rio.

Hospital Sant Joan de Déu de Esplugues - Barcelona: Amadeu Gené,
Antoni  Noguera-Julian (CIBERESP), Carmen Mufioz-Almagro
(CIBERESP), Eneritz Velasco-Arnaiz.

Hospital Sant Joan Despi: Moisés Broggi, Raquel Clivillé-Abad, Ana
Coloma-Conde.

Hospital Sant Rafael Barcelona: Fina Guimera, Irene Sanchez.

Hospital Santa Marina: José Luis Diaz-Tuesta, Marta Ibarrola-
Hierro.

Hospital Santos Reyes: Cecilia Ramirez, Carmen de la Higuera
Arranz, Raquel Elisa Rodriguez-Tarazona, Noelia Arenal-Andrés, Hos-
pital Sierrallana: Ana Belén Campo-Esquisabel, Ramoén Teira.

Hospital Universitari i Politecnic La Fe: Salvador Giner-Almaraz,
Miguel Salavert-Lleti, Hospital Universitari Parc Tauli: Dionisia
Fontanals-Aymerich, Oriol Gasch-Blasi.

Hospital Universitari Sagrat Cor: Natacha Recio, Antonio Cardenas.

Hospital Universitari de Tarragona Joan XXIII: Frederic Gémez-
Bertomeu, Graciano Garcia-Pardo.

Hospital Universitari Vall d’'Hebron: Nieves Larrosa-Escartin, Do-
lors Rodriguez-Pardo, Benito Almirante.

Hospital Universitari de Vic: Maria Navarro, Javier Diez de los Rios,
Ingrid Vilar6-Lopez, Anna Vilamala-Bastarras.

Hospital Universitario José Maria Morales Meseguer: Carmen
Guerrero, Rosa Maria Blazquez.

Hospital Universitario Araba: Andrés Canut-Blasco, Joseba Portu.

Hospital Universitario Arnau de Vilanova: Alba Bellés-Bellés, Marfa
Fernanda Ramirez-Hidalgo.

Hospital Universitario Basurto: Matxalen Vidal, Oscar Luis Ferrero,
Ruth Figueroa-Cerén, Miriam L6pez-Martinez.

Hospital Universitario Central de Asturias: Javier Fernandez-Dom-
inguez, Mauricio Telenti-Asensio.

Hospital Universitario Clinico San Cecilio: Natalia Chueca, Fran-
cisco Anguita, Federico Garcia.

Hospital Universitario Cruces: José Luis Barrios-Andrés, Josune
Goikoetxea-Agirre, Mercedes Sota-Busselo, José Miguel Montejo-Baranda.

Hospital Universitario de Badajoz: Eugenio Gardufio-Eseverri,
Francisco Rodriguez-Vidigal.
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Hospital Universitario de Canarias: Teresa Delgado-Melidn, Ana
Maria Lopez, Ricardo Pelazas-Gonzilez.

Hospital Universitario de Fuenlabrada: Julio Garcia-Diez, Guillermo
Soria Fernandez-Llamazares.

Hospital Universitario de Galdakao: Ana Gual-de-Torrella, Idoia
Irazola-Diaz.

Hospital Universitario de Getafe: David Molina-Arana, Gloria Pérez-
Caballero.

Hospital Universitario de Gran Canaria Dr. Negrin: Laura Iglesias-
Llorente, Imanol Pulido, Fernando Artiles-Campelo, Oscar Sanz-Pelaez.

Hospital Universitario de Guadalajara: Marfa Rosa Lago, Marfa
Asuncién Costa, Nora Mariela Martinez-Ramirez, Maria Jests Esteban.

Hospital Universitario de Igualada: Amparo Garcia-Garcia, Ana
Marrén.

Hospital Universitario de Jaén: Isabel Casanovas, Carmen Herrero,
Carmen Liébana-Martos.

Hospital Universitario de Jerez: Juan Manuel Sanchez-Calvo, Rubén
Lobato, Salvador Pérez-Cortés, Salvador Lopez-Cérdenas.

Hospital Universitario de La Plana: Alberto Yagiie-Mufioz, José
Manuel Marco-Latfur.

Hospital Universitario de Navarra: Maria Eugenia Portillo, Estela
Moreno, Marta Adelantado-Lacasa, Joao Modesto Dos-Santos.

Hospital Universitario de Palencia: Maria Antonia Garcia-Castro.

Hospital Universitario de Puerto Real: Francisco Javier Casas, Maria
Luisa Fernindez-Avila, Carmen Martinez-Rubio, Patricia Jiménez-
Aguilar.

Hospital Universitario de Santiago: Gema Barbeito-Castifieiras,
Maria Jests Dominguez-Santalla.

Hospital Universitario de Torrejon: Iris Gonzalez-Pallares, Carmen
Montero-Hernandez.

Hospital Universitario del Henares: Luz Balsalobre, Laura Mao.

Hospital Universitario Doctor José Molina Orosa: Francisco Javier
Noguera-Catalan, Salvador Martinez-Vicente.

Hospital Universitario Donostia: Diego Vicente-Anza, Maialen
Ibarguren-Pinilla, José Maria Garcia-Arenzana, Miguel Goenaga-
Sanchez.

Hospital Universitario Fundacién Alcorcén: Pepa Goyanes, Maria
Velasco, Alberto Delgado-Iribarren, Juan Emilio Losa-Garcia.

Hospital Universitario Fundacién Jiménez Diaz: Llanos Salar-Vidal,
Nerea Carrasco-Anton, Jaime Esteban (CIBERINFEC).

Hospital Universitario General de Catalufia: Montserrat Olsina,
Roger Malo.

Hospital Universitario Germans Trias i Pujol: Jun Hao Wang,
Nieves Sopena.

Hospital Universitario Gregorio Marafién: Belén Padilla.

Hospital Universitario Infanta Leonor: Santiago Salso, Beatriz
Sanchez.

Hospital Universitario Infanta Sofia: Aida Sanchez, Patricia Gon-
zéalez-Ruano.

Hospital Universitario Insular de Gran Canaria: José Luis Pérez-Arellano.

Hospital Universitario Juan Ramoén Jiménez: Ana Ruiz-Castillo,
Alicia Hidalgo.

Hospital Universitario La Paz: Juana Cacho-Calvo, Belén Loeches,
Rosa Gémez Gil, Rosa de Miguel-Buckley.

Hospital Universitario La Princesa: Ana Miqueleiz-Zapatero, Car-
men Saez-Béjar, Carmen de las Cuevas-Torresano.

Hospital Universitario Los Arcos del Mar Menor: Margarita
Camara-Simén, Adriana Sanchez-Serrano.

Hospital Universitario Lucus Augusti: Patricia Cap6n, Eva Marfa
Romay, Ana Isabel Rodriguez-Macias, Marfa José Garcia-Pais.

Hospital Universitario Marqués de Valdecilla: Jorge Calvo, Carmen
Farifas.

Hospital Universitario Miguel Servet: Ana Isabel Lopez-Calleja,
Rosa Marfa Martinez-Alvarez, Silvia Loscos, Marfa Carmen Martinez-
Jiménez.

Hospital Universitario Mttua de Terrassa: Mariona Xercavins, Lucia
Gomez, Beatriz Dietl.

Hospital Universitario Nuestra Sefiora de Candelaria: Jesus Ode,
Maria Lucy Abella, Diego Garcia-Martinez de Artola, Lucy Abella-Vazquez.
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Hospital Universitario Poniente: Maria Pilar Luzén-Garcia, Cristina
Ocafia, Ana Belén Lozano-Serrano.

Hospital Universitario Puerta de Hierro: Elena Muifiez.

Hospital Universitario Puerta del Mar: Victoria Guirado, Francisca
Guerrero-Sanchez, Fatima Galan-Sanchez.

Hospital Universitario Ramén y Cajal: Desirée Gijon-Cordero, Rosa
Escudero, Vicente Pintado, Irene Merino.

Hospital Universitario Reina Sofia de Coérdoba: Luis Martinez-
Martinez, Angela Cano-Yuste, Julidn Torre-Cisneros, Irene Gracia-
Ahufinger, Isabel Machuca.

Hospital Universitario Rey Juan Carlos: Concepcién Pérez, Teresa
Alvarez-Espejo.

Hospital Universitario Rio Hortega: Luis Lopez-Urrutia, Jessica
Abadia, Pablo Bachiller-Luque.

Hospital Universitario San Agustin de Avilés: Beatriz Iglesias-
Rodriguez, Gemma Sierra-Dorado.

Hospital Universitario San Jorge de Huesca: Luis Torres Sopena,
Teresa Omiste, Miguel Egido-Murciano.

Hospital Universitario Severo Ochoa: Sara Maria Quevedo, Beatriz
Valle.

Hospital Universitario Son Espases: Estrella Rojo-Molinero, Helem
Haydee Vilchez-Rueda, Antonio Oliver, Javier Asensio-Rodriguez.

Hospital Universitario Virgen de las Nieves: Lina Martin-Hita,
Concepcién Fernandez-Roldan, Maria Dolores Rojo-Martin.

Hospital Universitario Virgen del Rocio: Lydia Galvez, José Molina,
Inmaculada Pupo.

Hospital Universitario Virgen Macarena: Marina de Cueto, Miguel
Nicolds Navarrete, Jests Machuca-Bircena, Maria Dolores del Toro.

Hospital Universitario Vithas Madrid La Milagrosa: Marina
Pefiuelas-Martinez, Marfa Teresa Filigheddu.

Hospital Vega Baja de Orihuela: Sofia Belda, Jara Llenas-Garcia,
Juan Carlos Navarro-Madrid.

Hospital Virgen de Altagracia: Inocencio Beltrdn-Cifuentes, Ana
Isabel Sanchez-Maroto, Maria Inés Clemente-Tomé.

Hospital Virgen de la Concha: Inmaculada Ramirez-Ocariz, Angel
Chocarro-Martinez.

Hospital Virgen de la Luz de Cuenca: Maria José Rodriguez-Escu-
dero, Olga Belinchén-Moya.

Hospital Virgen de la Victoria: Laura Mora-Navas, Andrea Prolo,
Enrique Nufio-Alvarez.

Hospital Virgen del Castillo: Pablo Fernandez, Ignacio Iniesta-Pino.

Hospital Virgen del Puerto Plasencia: José Roman Mufioz-Rey,
Pablo Ruiz-SanJuan.

Hospital Virgen del Valle: Maria Antonia Sepulveda.

Hospital Vital Alvarez-Buylla: Sheila Vazquez-Lépez, Flor Isabel-
Hidalgo, Maria del Carmen Galarraga-Gay, Flor Isabel Hidalgo-Garcia.

Institut Guttmann de Badalona: Anna Llimés, Mar Laya.

Policlinica Nuestra Sefiora del Rosario: Maria Isabel Medina-Garcia,
Adriana Martin.

Funding: The management costs of this study were funded by the
Spanish Society of Infectious Diseases and Clinical Microbiology
(SEIMC). Researchers have participated voluntarily and none of the
investigators received funding for conducting the study.

Disclaimer: The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or writing of the report.
The results of this study have been partially presented at the Profes-
sional Medical of Madrid, Spain, in the SEIMC Conference on European
Antibiotic Awareness Day 2023, 20 November 2023, and at the 34th
European Congress of Clinical Microbiology and Infectious Diseases
(ESCMID Global) 27-30 April 2024 in Barcelona, Spain.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lanepe.2025.101220.
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